DlALOG(R)File 347:JAPIO 

(c) 2004 JPO & JAPIO. All rts. reserv. 



04504784 * "linage available* * 
LIQUID CRYSTAL DISPLAY ELEMENT 

PUB. NO.: 06*148684 [JP 6148684 A] 
PUBLISHED: May 27, 1994 (19940527) 
INVENTORY): MIKOSHIBA KEIMEI 

APPLlCANT(s): NEC CORP [000423] (A Japanese Company or Corporation), JP 
(Japan) 

APPL.NO.: 04-303434 [JP 92303434] 
FILED: November 13, 1992 (19921113) 

INTL CLASS: [5] GO2F-001/136; H01L-029/784 

JAPIO CLASS: 29.2 (PRECISION INSTRUMENTS » Optical Equipment); 42.2 

(ELECTRONICS - Solid State Components) 
JAPIO KEYWORD:R011 (LIQUID CRYSTALS) 

JOURNAL: Section: P, Section No. 1791, Vol. 18, No, 454, Pg. 123, 
August 24, 1994 (19940824) 

ABSTRACT 

PURPOSE: To reduce coupling capacity and to prevent gradations from being 
lowered even when enlarging numerical aperture by connecting another 
transparent electrode, which is provided through a capacity insulation film 
under a transparent electrode for liquid crystal drive, to a light shield 
metal film. 

CONSTITUTION: A gate electrode (gate line) 3 of silicide or the like is 
formed on a multiple crystal Si 2 to be the body of a thin film transistor 
(TFT) and a drain line 4 is connected. On the other hand, a transparent 
electrode 6 is formed on a light shield film 5 formed on the TFT, and a 
transparent electrode 7 connected to a source 9 of the TFT is formed on a 
capacity insulation film 8 on that electrode 6. The transparent electrode 7 
is the electrode for liquid crystal drive, storage capacity is formed 
through the capacity insulation film 8 at a gap between the transparent 
electrode 7 and the transparent electrode 6, and the transparent electrode 
6 is connected to the light shield film (black matrix) 5 at a fixed 
potential. Then, the storage capacity is formed between this light shield 
film 5 and the source of the TFT. Thus, the large storage capacity can be 
provided without victimizing the numerical aperture, no storage capacity 
wiring is required, and the load of the gate line is lightened. 
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(54) [Title of the Invention] 

A liquid crystal display 

(57) [Abstract] 
[Object] 

It is an object to reduce a pixel area without sacrificing aperture ratio and to 
enable high definition display in a TFT liquid crystal element. 
[Structure] 
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A transparent electrode b 6 is formed below a transparent electrode a 7 for 
driving liquid crystal with a capacitor insulating film 8 interposed therebetween, 
wherein the transparent electrode b is connected to a light shielding film 5. 
[Effect] 

Sufficient storage capacitor can be realized without reducing aperture ratio. 
[Scope of Claim] 
[Claim 1] 

A liquid crystal display element characterized in that a second transparent 
electrode is provided below a first transparent electrode connected to a source (drain) of 
a thin film transistor with a capacitor insulating film interposed therebetween, wherein 
the second transparent film is connected to a light shielding metal membrane in an 
active matrix liquid crystal display element using the thin film transistor, 
[Claim 2] 

A liquid crystal display element mentioned in claim 1, characterized in that the 
capacitor insulating film is a tantalum oxide film. 
[Claim 3] 

A liquid crystal display element mentioned in claim 1, characterized in that the 
capacitor insulating film is a multilayer film of a tantalum oxide film and a silicon 
nitride film. 
[Claim 4] 

A liquid crystal display element mentioned in claim 1, characterized in that an 
electrode connected to a drain (source) of the thin film transistor covers an active region 
of the thin film transistor. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to an active matrix liquid crystal display element 
using a thin film transistor (TFT). 
[0002] 
[Prior Art] 

FIG 5 is an equivalent circuit of a pixel in an active matrix liquid crystal 
display element using a TFT. A thin film transistor (TFT) 19 is connected to the 
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intersection point of a gate line 13 and a drain line 14, and a source electrode of the TFT 
is connected to liquid crystal 20 and a storage capacitor 21. FIG 6 is a cross-sectional 
view showing a structural example of the pixel shown in FIG 5. PolycrystaJline Si 12, 
an insulating film 11, and a gate electrode 13 are provided over a glass substrate 1, and a 
drain electrode 14 and a source electrode 15 are provided on each side of a gate. Thus, 
the TFT is formed. Moreover, a transparent electrode b 16, a capacitor insulating film 
18, and a transparent electrode a 17 are provided adjacent to the TFT to form the storage 
capacitor 21. High aperture ratio can be secured by using the transparent electrode b 
16 as an electrode connected to the gate line of the storage capacitor, and commonly 
using a liquid crystal driving electrode, that is, the transparent electrode a 17 as the 
other electrode. Accordingly, since the storage capacitor 21 is provided, optical 
transmission is not disturbed. 
[0003] 

Another example of a conventional art is shown in FIG 7, The technology is 
known as an inverted-staggered structure with the use of a-Si 24, which is employed for 
recent products* In this case, a storage capacitor is connected to an independent 
storage capacitor line 22 without being connected to a gate line. As for the storage 
capacitor line 22, a metal wiring such as chrome which does not transmit light is used 
because of need to reduce a resistor. 
[0004] 

In a liquid crystal display element using a TFT, it is necessary to store signal 
charge in liquid crystal during one horizontal scanning cycle (When the frame 
frequency is 60 Hz, within 16.7 raS)- However, leak current of the TFT is large and 
capacitance of liquid crystal is small with about 0.2 pE Thus, an electric charge 
cannot be completely held. Accordingly, the storage capacitor connected in parallel 
with the liquid crystal is required To add this storage capacitor is effective for 
preventing a screen from flickering. 
[0005] 

[Problems to be Solved by the Invention] 

The storage capacitor 21 is connected to the gate line 13 in the conventional art 
shown in FIG 5 and FIG 6. It is necessary that the gate line is driven about 20 V, 
since the threshold voltage of the TFT is high as 2 to 3 V, and in order to give liquid 



English Translation of JP 6-148684 



3 



crystal signal voltage sufficiently. Total capacitance becomes 500 pF if the storage 
capacitance is 0,4 pF and the number of horizontal pixels is 1257 (corresponding to 
HDTV). If the number of vertical pixels is 1035 and scanning frequency is 60 Hz, the 
gate line must rise within 16 jiS. Now, if the gate pulse is 1 ^iS, the driving current 
must be 10 mA or more and the resistance of the gate line must be 2 kQ or less. If the 
width of the gate line is 4 \tm and the length of the gate line is 4cm, the total resistance 
of the wiring must be 0,2 kQ/n or less to make resistance of the gate line 2 kQ or less. 
[0006] 

When a peripheral circuitry is realized using a built-in circuitry with the use of 
polycrystalline silicon TFT rather than an external IC, a transistor having a width of 
several hundred (im is required to obtain drive current of 10 mA or more. Furthermore, 
there is a problem of process complexity, since a metal wiring such as Al of 0.2 kQ/o or 
less must be used for a gate electrode. 
[0007] 

Capacitance is all connected to a drain line in the conventional structure shown 
in FIG 7. Since capacitance of a gate line is only the gate capacitance of a TFT, and it 
is about 2.5 pF in total, the driving voltage may be 50 \iA or more and the total 
capacitance of the wiring may be 40 Q/nor less. Accordingly, constrains on TFT 
characteristics and a wiring material can be mostly eliminated. 
[0008] 

On the other hand, since signal amplitude of the drain line is about 5 V that is 
needed for driving liquid crystal, the signal amplitude of the drain line is only 1/4 of the 
gate amplitude. Thus, the size of a driving TFT can be small. In addition, options for 
selecting of the drain line also increases since the drain line of 0,8 kQ/a or less can 
suffice. However, a metal wiring whose resistance is low must be used for the storage 
capacitor line 22, Since the wiring runs though a pixel, a portion where the wiring 
runs becomes non-transparent; thus, the aperture ratio is deteriorated* Because pixel 
dimension for HDTV are around 30 x 30 \xm 2 , when there is a storage capacitor line, the 
aperture ratio is to be deteriorated by 10 % or more, which is a big problem. 
[0009] 

[Means for Solving the Problem] 
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In a liquid crystal display according to the present invention, a second 
transparent electrode is provided below a first transparent electrode for driving liquid 
crystal with a capacitor insulating film interposed therebetween, wherein the second 
transparent electrode is connected to a light shielding metal film. 
[0010] 
[Action] 

As for a liquid crystal display element according to the present invention, a 
second transparent electrode is connected to a light shielding metal film. Since the 
light shielding metal film is fixed voltage, a storage capacitance is subjected only to a 
drain line without being added to a gate line. 
[0011] 

[Embodiment] 

Next, the present invention will be explained with reference to the drawings, 
FIG 1 is a cross-sectional view showing a pixel portion of a first embodiment according 
to the present invention. A gate electrode 3 of silicide or a refractory metal is formed 
over a polycrystalline Si 2 which is to be the body of a TFT, and a drain line 4 of 
aluminum or a refractory metal is connected thereto. A light shielding film 5 of 
aluminum is formed over the TFT, and a transparent electrode b 6 is formed over the 
light shielding film. A capacitor insulating film 8 formed of a silicon nitride film, a 
tantalum oxide film* or a multilayer film comprising a silicon nitride film and a 
tantalum oxide film is provided over the transparent electrode b, and a transparent 
electrode a 7 is formed thereover. The transparent electrode a is connected to a source 
9oftheTFT. 
[0012] 

The transparent electrode a is a liquid crystal driving electrode and a storage 
capacitor is produced between the transparent electrode a and the transparent electrode b 
with the capacitor insulating film interposed therebetween. In the case where a 100 
nm thick silicon nitride film is used for the capacitor insulating film, a pixel is 30 x 30 
nm 2 , the transparent electrode a is 24 x 24 pm 2 , and the aperture ratio is 64 %; storage 
capacitance of 0.4 pF is obtained. The transparent electrode b is connected to the 
aluminum light shielding film 5 which is called a black matrix. The electric potential 
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of the light shielding film is usually fixed at ground level. 
[0013] 

Since the transparent electrode b 6 is in direct contact with the light shielding 
film 5 in the structure of the present invention, an opening of a contact hole for 
connection is not required. Further, the structure of the present invention does not 
need a storage capacitor line, unlike the conventional embodiment. Therefore, a 
manufacturing process is simplified; furthermore, aperture ratio is not deteriorated. 
[0014] 

The storage capacitor is formed between the light shielding film of the fixed 
potential (the black matrix) and the source of the TFT. Accordingly, load capacitance 
of the gate line is lightened and a silicide wiring whose resistance is several Q/d can be 
used. Thus, there are advantages, for example, a high temperature reflow process for 
planarization can be carried out after forming the gate line. 
[0015] 

FIG 2 is a cross-sectional view of a second embodiment according to the 
present invention, which shows the portion of the storage capacitor. The light 
shielding film 5 can also be formed over the transparent electrode b 6. Since the 
formation order of the light shielding film and the transparent electrode can be replaced 
as above, flexibility in a process is increased. 
[0016] 

FIG 3 is a plan view of a pixel according to the present invention. Since the 
portion except the TFT becomes a light transmitting region, high aperture ratio can be 
secured. The aperture ratio of 50 % or more is easily obtained even if the pixel is 30 x 
30 ym 2 . 
[0017] 

A third embodiment of the present invention is shown in FIG 4, The basic 
structure is the same as that of FIG 1, but in this case, the drain line 4 covers an active 
region of the TFT, namely, a region including the gate electrode 3. Consequently, the 
TFT is double shielded by the light shielding film 5 and the drain line 4 from a light 
source. In the case of using At which has high light reflectance, when the drain line is 
a single layer it is required to have a thickness of 0.5 \un or more to obtain a complete 
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light-shielding effect. Then, planarity of liquid crystal is lost by steps of Al. The 
thickness can be 0.25 \xm or less by double light shielding, which is advantages in 
planarization. 
[0018] 

50 or more gradations are required in HDTV. When the size of pixels 
becomes small, and a drain line and a pixel electrode (a transparent electrode (i)) come 
close, a coupling capacitance is increased and the potential of a pixel electrode is 
modulated by a signal of the drain line. Accordingly, gradation can not be obtained. 
For example, to suppress fluctuation of the potential of the pixel electrode to 30 mV or 
less, the coupling capacitance must be 0*6 pF or less in the case where the storage 
capacitance is 0.2 pF. As for the structure of the present invention, the drain line and 
the pixel electrode are shielded by the light shielding film and a capacitor electrode, so 
that the coupling capacitance can be made extremely small. Therefore, even when the 
pixel electrode is widen and the aperture ratio is made large, the gradation is not 
deteriorated. 
[0019] 

[Effect of the Invention] 

As described above, a structure in which a storage capacitor electrode is 
provided below a pixel electrode, and the storage capacitor electrode and a light 
shielding film (a black matrix) are connected is employed in the present invention; the 
present invention has the effects shown below, (a) A large storage capacitance can be 
obtained without sacrificing aperture ratio, (b) Since a storage capacitance is 
connected to the black matrix, a storage capacitor line is not necessary, (c) Since the 
storage capacitor is not connected to a gate line, load on the gate line becomes lower, 
and a gate line using a material such as silicide can be used, (d) Since a transparent 
electrode can be formed in a layer upper than a TFT, a high temperature process can be 
employed in forming the TFT, and characteristics of high reliability and high 
performance can be obtained, (e) The present invention is superior in planarity of a 
surface of an element after forming the black matrix, (f) Since a drain line and the 
pixel electrode are shielded with a light shielding film, the coupling capacitance is small 
and a high gradation can be realized, (g) Since the transparent electrode is formed in 
an upper layer of the device, a thermal process can be employed for manufacturing the 
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TFT, accordingly, high performance and high reliability can be obtained. 
[Brief Description of Drawings] 

[FIG 1] a cross-sectional view of an element of the first embodiment according to the 
present invention, 

[FIG 2] a cross-sectional view of an element of the second embodiment according to 
the present invention. 

[FIG 3] a view of a pixel according to the present invention. 

[FIG 4] a cross-sectional view of an element of the third embodiment according to the 
present invention* 

[FIG 5] an equivalent circuit according to a conventional art. 

[FIG 6] a cross-sectional view of an element according to a conventional art 

[FIG 7] a cross-sectional view of an element of another example according to a 

conventional art, 

[Description of References] 

1: glass substrate, 2,12: polycrystalline Si, 3,13: gate electrode (gate line), 4,14: drain 
line, 5: light shielding film, 6,16: transparent electrode b, 7,17: transparent electrode a, 
8,18: capacitor insulating film, 10,23: insulating film, 19: TFT, 20: liquid crystal, 21: 
storage capacitor, 22: storage capacitor line, 24: a-Si 
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